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INDIVIDUAL WELL REPORT
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CZARACTERIZATION AND ANALYSIS OF
DEVONIAN SHALZS AS RELATED T
RELEASE OF GASEOUS HYDRCCARBONS
NELL C-2 LINCCOLN COUNTY, WEIST VIRGINIA

oy

R. S. Xalyoncu and Y. J. Savyder

INTRODUCTION AND SUMMARY

This
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Columbus Laboraccrias slans -o submi: during the zext several mcnczhs. 1Ia

contents, ralease kizecics, phvsical and chemical propertias, ainerzlogy,

hology ct:caized on the C-2 wall (Lizcola Cecuncy, West Virginaiz) zre
C-2 shales were corsd in Januarv 1375 znd :zhe laboracsyr studias

wers completad I august 1977. Mean value of avdrocarbon gasas Iz Iha

[Tee space surrcunding :the shale i3 £9.3 serzanc of zotzl fraa wvoluma.
This translates 0 0.3 ft of gas per ftl of shala. Hvdrogen valuas show
a2 narrower distribucion range, with amounts Frem 2.4 =3 0.3 sercant.  Good

Among the physizzal charactarizaciscn Zacz obraized ars Zzasicias
(Sulk and true), zovasicv (zalculzs-ad froz <ha Zansizy dzzz and Zazzzrminad
vizh Zg-intrusicn zzcanizua), surface irazs, ani carzeabilicias 3elx
densitiaes varr tewween 1.33 znd 2.32 z/:z vizh oan zverzzs value oI 2.453 3/

seccad of a numpber ¢f individual well raporss 2ac-zlle
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True density values range from 2.64 to 2.90 g/cec with an average value of
2.74 g/ce. Porosity values calculated from the densisy data z2nd zmercury
intrusion technique ars resascnably close. Mercury inctrusion values vary
between 2.7 to 8.1 percent. Very good correlations are observed between
the bulk density and carbon and hydrogen contencs. Higher carbon and hydrogen
concents are assoclated with lower bulk density values indicating that =zajor
sources of carbon (and to some extent hydrogen) are organic in origin.
Several shale samples analyzed using X-ray diffraction revealsad
that the major clay mineral phase ia these shales are kzolin minerals where-
as illite has Deen the major clay aineral phase’ in the majority of wells
thus far studied. The absence of faldspathic and mica minerals also

differantiate C-2 shalas from those of other wells.

BATTELLE — CcOoOLUMBUS
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OBJECTIVE AND SCOPE
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As menticned in the previous raports this rasorzad value is orobably wel
pelow the actual potential za2s contents in the shalas. The actual hvdro-
carbon gas contants may be as aigh as several times the value waporcad.

A aumber of canistars frem anocher well e2quipped with necassary prassura

gauges and other accessorias, were used to astimacz total potantial 3zas

(1Y)

-

contants in the shales. These samples wers monizorad over a period of
2 monchs.

Table 5 summarizes the axperimentzl Findings and observed
increases in the hydrocarben zas concants 2 months afzar =he inizial gas
analysis. As the data in Table 5 show, substantial amountcs of hydroczarbdon
gases were releasad alter the time of initial gas analysis. The amount
released during the 2 acnths of amonitoring range Irom 32 percent 0 as
auch as 154 percent over the initial zas contants. A substantial fraction
¢f gas is probably still containsd in cthe shales. This =mpirical expari-
ment, coupled with the possibilitv that considerzple amcunts c¢I hyrdrccardon
gas may raadily a2scape Zrcm the shale at the well sita %efore the shales
are sealed in the caniscars, joints zo the fact tha: the potential hydro-
carbon zas contants in these shalas may be as much 23 several cimes that of
the reported values Irom the laboratorv anzlvses. This also ooints o the
importance, and perhacs zacessicv, Jof some 2as analysis efforss at the well
sit2 during coring.

The gases contained ia Devenian shale dzcosits may be trapped
within the pore structures aad adsorbed in the intermolecular lavers of clay
ninerals. Either way, ralease of these zases is nizalv dependent c¢n Zine
structure of the shale, with the kinetics of ralsase being d4ilfusicn

controlled. 4As a part of this orogram, 3attella-Columbus is attempting to
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These measurs2ments cn a shale specimen
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condicions

(C-2-3922)

atmospheric and chermal

Irom the C-2 Well

loss results as

the very large

made at temperatures of 25 C, 30 C, and 100 C. The weight
a function of time as illustrated ia Figure 2. Because of
weight losses observed in comparison with the amcunts of zas
the shale, it became evident that the observed weizht losses

orasent

in

included loss

of other substances in addiction to hydrccarbom gases. This was obvicus
when the microbalance data wers comparad with the data from the retort
experiments, The latzer work ravealed hydreccarbon comcents in the order of
0.5 to 1.0 mg. gas per zgram of shale when the microtalance data showed losses
of 4 to 13 @mg. per zram of shala.

3ecause of the problam of masking of the avdrocardon relaase >Sv

water 1n the nicrobalance svstam, zas ralsases ratas ara

now being determined

with a coantinuocus-flow systam that detarmines aydrocarboun content of the

A
L

zases ralsased. svstam 2mplovs a

-
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ich gas inlet and ouczlar.
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‘Task 3. Chemical Charactar<ization Data

Total carbon, hydrogen, and nitrogen values for the (-2 Well ara

summarized in Table 6§ (sulfur determination was not a part of the srogram at

this stage). The tocal carbon contents range from 0.2 to 7.1 jercant with

i..l

an average value cf 2.4 percent. Hydrogen values show a mora narrow
distribution range with values ranging between 0.4 and 0.9 percent. The carbon
contents show a slight increase wizh sampls depth as illustratad in Figure 3.
Similar relatiomsnips between the aydrogan contents and sampls depth is noc
as clear, as illustratad in Figure 4. The fact that considerable zmounts of
nydrogen orginatas from inorganic sources (e.g., crystal water ia clav
minerals) which ars not ralatad zo sampla dapth, and almost 211 of the zarton
is organic ia origin (very little carbonatas in Devonianp shalas), aay

account for che more distinct relationship cetween the carbon conctancs aad

sample dapth comparad to the hvdrogan contants

=2

sample depth.
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B/C atomi: ratios do not show & aa*“* ular trend wich sample

depth (Figure 53). Figure & summarizes =he ralato: nship bewtszen hydrocarbon
gas and carbon contsants. There is an obvicus positive corrslacicn hetween

the two guantizias. This observacticn Surcher supports the conclusisn that
the source of carbon is maialy organic ia origin.
Interestingly, the relaticnshis Setween the avdrocardon gas and

aydrogen ccntants is gquite clear; and a pesitive correlazion 2xists between

¢

2}

the two values. This is illustratad :ia Tigure 7.

Density, porosityv (calculztad Fram =he density datz) and surface
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all C-2 shale samples. Hydrocarbon gas countents as a function of bulk density
‘are plotted in Figure 8. Negative corralations (high hydrocarbon gas
contents with decreasing density values) which has been observed for several
wells is not apparent from the figure A possible explanacion for the lack
of expected negative correlation may possibly be that the C-2 shales were
stored for a long period of time (about 1 year) prior to charactsrization
studies. The characterization values may have been altsrad bv this
inordinate length of shelf time. Another plausible explanation for it may be
that the inorganic composition of the shalas ovarshadcws the orzanic components
as the controlling parameter of the demsity values. This point can be
verified by quantitative determination of the inorganic composizion of tie
shales and studying the correlations hecween deasizy and various inorganic
components. Surface araa values (Table 7) vary between 1.0 and 4.4 22/g.
Mo recognizabla correlations between surface ar2as and other characterization
data exist. The surface arsa values seem to be determined ov the clay
»

aineral contents iz the shales. Relationships between the bulk demsity and

arbon and hydrogen contents are illustratad in Figurss 9 and 10 raspectively.

<y

Task 5. Shale Litholo

19

Several shale samples wera analyzed 5v X-ray diffraction. XRD
findings are summarizad in Table 10 ia a semiguanticative wav. Aajor single
aineral phase is quartz. The C-2 shale compositions differ from :the majority

of the other wells in the composition of clay mimerals. <Xaoliz ainerals ara
the major caly 2inerals cbserved with detectable amounts of illiza presant
in the shales. Mizor to detectable quanticties of pyrite and carbonate
minerals (nahcolire, shortite, and sideriza) ars also found. The =ineral
composition of these shalss also diffar Zrom most of the ocher saales by

N

the absence oI cther zizerals such as Zaldspar (aldize, amorsiize) and some

0y
1}]
[}
[{]
(3
[
=
(&}
[{}]

micas whic? regquently detact=sd in shales Zrom other Locaticus.
Five C-2 snals samples were sctudiad 5v SDM/ZDAX cachzique. Tour

0 zthe Zive smarg!

kalonite and guar

apoears (Zrom 2i:zros
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Scme of the quantitative ZIDAX results ars sumarized in Table 11.

Tigures 11 through 14 show SEM chotomicrozrapns of “our C-2 shales.
by =] =

Task 6. Data Intervretation and Corrslation

One-to-one correlactions existing among :he various data have
been pointed out under appropriates subheadings throughout che rapore.
3ecause of the small aumber of samples (17) an Automatic Ianteraction
Detection (AID) analrysis run was, statisticallyv, nct verw =meaningiul.
Zowever, the data Irom :the C-2 well wers inccrporatad in the AIb Analvsis
of the data from a number of wells in the Appalachian hasin and the rasul:s

were reportad in the Seventh Quartarly Tachnical Prcograss Rapor:.

BAYTELLE — CaLUMS3US
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TABLE 5 INCREASE IN GAS RELZASE AFTER TWO MONTHS WAIT FOR ZQUILIBRIUM
, ZH.C. Cas
Sample L APg, 3.C. Gas Pr, AP¢, B.C. Gas in
I.D. torrs torrs Shals Vol.o £oTrTSsS £OTTS Shale Vol.t Frae Spacse
1 780 44.53 0.040 840 104.5 0.094 5.70
2 325 41.2 0.050 860 76.2 0.093 5.00
3 810 40.9 0.060 855 85.9 0.126 5.05
4 875 106.0 0.110 1040 271.0 0.230 12.13
5 1125 391.5 0.560 1250 515.0 0.740 34.80
Column I - L1.D. number
Column II - Can pressurs at the time of initial gas analyses (usually 3 weeks
after canning). ~
Column III - Hydrocarbon gas partial pressurs at the time of gas analyses.
Column IV - Volume of aydrocarbon gas per unit volume of shals at the tizme of
gas analyses.
Column ¥ - Can pressure at 2 months after the zas anzlyses.
Columm VI - Hydrocarbon partial pressure at 2 months after the initial gas
analyses.
Column VII - Hydrocarhbon gas volume per unit volume of shala at 2 months after
the inZzial gas analyses.
Column VIII - Perceat nydrocarbon gas ia free space (inside the sealed can) at

=2
H time of initial gas analyses.
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FIGURE 11. SEM MICROGRAPH OF ‘C—2—3000
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FIGURE 12. SEM MICROGRAPY OF SAMPLE (C-2-3101
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FIGURE 13. SEM MICROGRAPH OF SAMPLE C-2-3428
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FIGURE l4. SEM MICROGRAPH OF SAMPLE C-2-3479
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FIGURE 15. SEM MICROGRAPH OF SAMPLE C-2-3961
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